Introduction: Microalbuminuria is a risk factor for cardiovascular morbidity and mortality in hypertensive patients. However, the relationship between low-grade albuminuria, a higher level of albuminuria below microalbuminuria threshold, and hypertension-related organ damage is unclear. Left ventricular (LV) hypertrophy (LVH) is well recognized to be a subclinical organ damage of hypertension, and LV diastolic dysfunction is also reported to be an early functional cardiac change of hypertension that predicts heart failure. The present study aimed to investigate the association of low-grade albuminuria with LVH and LV diastolic dysfunction in hypertensive patients. Methods: This cross-sectional observational clinical study was retrospectively performed in 870 hypertensive patients admitted to our hospital. Urinary albumin to creatinine ratio (UACR) was calculated to assess the levels of albuminuria: macroalbuminuria (≥300 mg/g), microalbuminuria (≥30 mg/g, but < 300 mg/g), and normal albuminuria (< 30 mg/g). Low-grade albuminuria was defined as sex-specific highest tertile within normal albuminuria (8.1-29.6 mg/g in males and 11.8-28.9 mg/g in females). LVH and LV diastolic dysfunction were identified as recommended by American Society of Echocardiography. Results: Of the 870 patients, 765 (87.9%) had normal albuminuria, 77 (8.9%) had microalbuminuria, and 28 (3.2%) had macroalbuminuria. Percentage of LVH and LV diastolic dysfunction was increased with ascending UACR. UACR was independently associated with LVH and LV diastolic dysfunction, even in patients with normal albuminuria. Multivariable logistic regression showed that the patients with the highest tertile within normal albuminuria had nearly 80% increase in LVH and nearly 60% increase in LV diastolic dysfunction (adjusted OR for LVH 1.788, 95% CI 1.181-2.708, p = 0.006; adjusted OR for LV diastolic dysfunction 1.567, 95% CI 1.036-2.397, p = 0.034). After further stratification analyses in patients with normal albuminuria, it was shown that this independent association persisted in female patients, those who were younger than 70 years old, and those with duration of hypertension < 15 years. Conclusion: Low-grade albuminuria was associated with LVH and LV diastolic dysfunction in hypertensive patients, especially in patients younger than 70 years old, and those with duration of hypertension < 15 years.
Introduction
Hypertension is currently a major public health problem in China [1] . It is associated with adverse cardiovascular outcomes [2] . Microalbuminuria defined as urinary albumin to creatinine ratio (UACR) from 30 to < 300 mg/g is well recognized as a risk factor of cardiovascular morbidity and mortality in hypertensive patients [3] . Recently, low-grade albuminuria, which is defined as a higher level of albuminuria below microalbuminuria threshold, is also reported to be associated with adverse cardiovascular outcomes, and is considered to be a predictor of cardiovascular events [4, 5] . Generally, the development of cardiovascular disease is a gradual process and evolves from early-stage subclinical organ damage [6] . Left ventricular (LV) hypertrophy (LVH) has been considered as a subclinical organ damage of hypertension, and patients with this early structural cardiac change are more likely to develop ischemic heart disease, stroke, and heart failure [7] [8] [9] . LV diastolic dysfunction is more frequently seen in hypertensive patients, especially those with LVH [10] . This early functional cardiac change has been reported to be an important cause of heart failure [11] .
Microalbuminuria is an early manifestation of hypertension-mediated renal damage, or consequence of concomitant nephropathy, other diseases, or clinical conditions like intensive sports practice [12] . It is reasonable to think that low-grade albuminuria is an earlier marker of above clinical conditions. Evidence has shown that the earlier marker may predict adverse cardiovascular outcomes [4, 5] . Therefore, it may be hypothesized that the earlier marker was also associated with early hypertension-mediated cardiac damage. This study aimed to investigate the relationships between low-grade albuminuria and subclinical cardiac changes, LVH, and LV diastolic dysfunction, in hypertensive patients.
Methods

Statement of Ethics
This study was performed in accordance with the Declaration of Helsinki, and the protocol was approved by Ethics Committee of the First Affiliated Hospital of Fujian Medical University.
Subjects
This was a retrospective single-center cross-sectional study. We included 995 hypertensive patients who were consecutively admitted to the First Affiliated Hospital of Fujian Medical University from September 2016 to June 2017. One hundred twenty-five subjects were excluded due to secondary hypertension, ejection fraction (EF) < 50%, myocardial disease, valvular heart disease, atrial fibrillation, a history of myocardial infarction, stroke, renal/glomerular diseases, family history of renal/glomerular disease, serum creatinine (Scr) > 2.5 mg/dL, chronic liver failure, autoimmune disease, active malignancy, and acute infectious disease. Finally, a total of 870 hypertensive patients were analyzed. Clinical Profile Demographics, anthropometric data, and laboratory tests were performed by obtaining the patients' medical records. These data have been collected and processed in accordance with the following protocol. On admission, patients were interviewed regarding age, gender, smoking habit, history and duration of hypertension and diabetes, and use of medication. Hypertension was defined as systolic blood pressure (SBP) ≥140 mm Hg, diastolic blood pressure (DBP) ≥90 mm Hg, and/or taking antihypertensive medications. Diabetes was defined as self-reported history or taking antihyperglycemic medications or establishing a new diagnosis of diabetes. The diagnosis of diabetes was based on the criteria established by American Diabetes Association in 2008 [13] . Current smoking was defined as consuming at least one cigarette per day for at least half a year. Height and bodyweight were taken, and body mass index (BMI) was calculated by the equation: BMI = bodyweight (kg)/height 2 (m 2 ). Blood pressure was measured using mercury sphygmomanometer. Venous blood sample was taken after an 8 h overnight fasting. Biochemical indicators were analyzed using automated analyzer (ADVIA 2400, Siemens, Germany). Glycosylated hemoglobin A1c (HbA1c) was measured by high-performance liquid chromatography (VARIANT TM II; Bio-Rad, Hercules, CA, USA). Glomerular filtration rate (GFR) was estimated using the modification of diet in renal disease study equation: estimated GFR (eGFR) mL/min·1.73 m 2 A first-voided spot urine sample was collected in the early morning for assessing urinary albumin and creatinine. Urinary albuminuria was determined by immunoturbidimetric assay using DiaSorin antibody (Roche Modular P800, Indianapolis, IN, USA), and urinary creatinine was determined by enzymatic colorimetric assay (BoehringerManniheim/Hitachi 717, Germany). Intra-assay coefficients of the 2 variations were 6.5 and 2.4%, respectively. UACR was calculated by the equation: UACR = urinary albumin (mg)/urinary creatinine (g). Macroalbuminuria was defined as UACR ≥300 mg/g, microalbuminuria was defined as UACR ≥30 mg/g but < 300 mg/g, and normal albuminuria was defined as UACR < 30 mg/g. Normal albuminuria was further categorized into sex-specific tertiles, and the highest tertile was defined as low-grade albuminuria. Patients were divided into 5 groups: groups 1-3 represented lowest tertile -highest tertile within normal albuminuria, group 4 represented microalbuminuria, and group 5 represented macroalbuminuria. The method of spot urine collection was compared with 24-h urine collection in 40 hypertensive patients, and the correlation coefficient was 0.90.
Echocardiographic Measurements and Evaluation
Echocardiography was performed by a certified, proficient sonographer blinded to the clinical data. All measurements (VividE 9, GE Healthcare, Milwaukee, WI, USA) were obtained as previously described [14] . Briefly, LV end-systolic and end-diastolic dimension (EDD) and the thickness of interventricular septal wall and posterior wall (SWT/PWT) were measured using 2-dimensional-guided M mode imaging in the parasternal long-axis view. LV end-diastolic and end-systolic volume (EDV/ESV) was estimated using Simpson's biplane method. Length and transverse diameter of the left atrium (LA) were taken in the apical 4-chamber view, and LV maximal volume was assessed using area-length method. Transmitral velocities in the early and late diastole (E/A) were taken between mitral leaflet tips in the apical 4-chamber view with Doppler color blood flow imaging. Doppler lateral velocity (e') and septal e' in early diastole were recorded in the apical 4-chamber view with Doppler tissue imaging. The average e' was obtained by calculating the average values of lateral e' and septal e'. Based on these measurements, E/A and average E/e' were determined. In the parasternal and apical 4-chamber view with color flow imaging, tricuspid regurgitation (TR) velocity was obtained by measuring the greatest Doppler velocity aligned with continuous wave. Body surface area (BSA), EF, LA volume index, LV mass (LVM), LVM index (LVMI) were calculated using the following formulas: LVH and LV diastolic dysfunction were evaluated as recommended by American Society of Echocardiography. LVH was defined as LVMI > 115 g/m 2 in males or > 95 g/m 2 in females [15] . LV diastolic dysfunction and the grading of diastolic function were determined using the recommendation of the American Society of Echocardiography and the European Association of Cardiovascular Imaging [16] . LV diastolic dysfunction was diagnosed if more than half of the following parameters meet cutoff values: septal e' < 7 cm/s or lateral e' < 10 cm/s, average E/e' > 14, LA maximum volume index > 34 mL/m 2 , and peak TR velocity > 2.8 m/s. UACR, urinary albumin to creatinine ratio; HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; TC, total cholesterol; TG, triglyceride; SBP, systolic blood pressure; DBP, diastolic blood pressure; UA, uric acid. Statistical Analysis Continuous variables were expressed as means ± SD for normal distribution or median for skewed distribution. Categorical variables were expressed as absolute numbers or percentages. Difference in the clinical characteristics and echocardiographic measurements was compared by one-way analysis of variance or χ 2 test. Correlations of UACR with parameters of LVH and diastolic function were examined by Pearson's correlation analysis and linear regression. Multivariate logistic regression was used to identify the association of the levels of UACR with LVH and diastolic dysfunction, and corresponding ORs were calculated. Statistical significance was accepted at p < 0.05. All statistical analyses were performed using SPSS statistical software, version 19.0 (Chicago, IL, USA).
Results
Of the 870 hypertensive patients, 397 were male and 473 were female. The mean age was 63 ± 12 years old ranging from 22 to 95 years old. Normal albuminuria was observed in 765 patients (87.9%), microalbuminuria in 77 patients (8.9%), and macroalbuminuria in 28 patients (3.2%). Of the 377 patients with LVH, 305 (80.9%) had normal albuminuria, 50 (13.3%) had microalbuminuria, and 22 (5.8%) had macroalbuminuria. Of the 372 patients with LV diastolic dysfunction, 309 (83.1%) had normal albuminuria, 44 (11.8%) had microalbuminuria, and 21 (5.6%) had macroalbuminuria. The median UACR was 6.4 mg/g (25th-75th: 4.1-15.0 mg/g) in males and 9.1 mg/g (25th-75th: 5.7-15.5 mg/g) in females. The range of each tertile within the normal albuminuria was 1.4-4.5, 4.6-8.0, and 8.1-29.6 mg/g in males and 2.2-6.2, 6.3-11.7, and 11.8-28.9 mg/g in females, respectively. Wang
Clinical characteristics of the 870 hypertensive patients with different levels of UACR are described in Table 1 . Diabetes was more frequently observed, and HbA1c levels were increased in patients with higher UACR. In patients with normal albuminuria, age, duration of hypertension, SBP, DBP, and eGFR were higher in the highest tertile than those in the lowest tertile. There were no significant differences in current smoking, uric acid, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and use of antihypertensive medications among groups.
Echocardiographic measurements of the patients are shown in Table 2 . Patients with macroalbuminuria and microalbuminuria had higher SWT, PWT, EDV, ESV, LVMI, peak A wave velocity, average E/e', LA volume index, and lower septal e', lateral e'. Among the patients with normal albuminuria, there was a trend of increasing SWT, PWT, EDV, ESV, LVMI, peak A wave velocity, average E/e', LA volume index, and decreasing septal e', lateral e' with the increment of UACR tertile (LVMI: 96.8 ± 20.1, 99.9 ± 21.2, 108.3 ± 23.9 g/m 2 , p < 0.001). No significant differences in peak E wave velocity and TR velocity were observed among the patients with different tertiles of UACR.
Percentage of LVH and LV diastolic dysfunction is displayed in Figure 1 . LVH and LV diastolic dysfunction were observed more frequently in patients with higher UACR (from lowest tertile within normal albuminuria to macroalbuminuria, LVH: 32.6, 35.7, 51.6, 64.9, 78.6%, χ 2 = 53.329, p < 0.001; LV diastolic dysfunction: 33.7, 39.4, 46.5, 59.5, 75%, χ 2 = 31.268, p < 0.001) (Fig. 1a, b) . The significant difference was observed in the percentage of grade I diastolic dysfunction (from the lowest tertile within normal albuminuria to macroalbuminuria: 25.8, 33.7, 36.5, 43.2, 57.1%, χ 2 = 38.991, p < 0.001) but not in those of grade II and III diastolic dysfunction (Fig. 1b) .
In Pearson's correlation analysis, UACR was shown to be correlated with LVMI, peak A wave velocity, E/A, septal e', lateral e', average E/e, LA maximal volume index, and TR velocity. Linear regression analysis showed that UACR remained correlated with LVMI, peak A wave velocity, septal e', average E/e', and LA maximal volume index after adjustment for age, sex, current smoking, duration of hypertension, SBP, DBP, diabetes, HbA1c, eGFR, BMI, total cholesterol, triglyceride, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol. The correlations of UACR with E/A, lateral e', and TR velocity were attenuated after multivariable adjustment. These data are presented in Table 3 .
The association of the levels of UACR with LVH and diastolic dysfunction is illustrated in Table 4 . LVH and LV diastolic dysfunction were found more frequently in patients with higher UACR. After multivariable adjustment, UACR was independently associated with LVH and LV diastolic dysfunction. The independent associations were also observed in patients with normal albuminuria. Multivariable logistic regression showed that patients with the highest tertile had nearly 80% increase in LVH and nearly 60% increase in diastolic dysfunction compared with those with the lowest tertile (adjusted OR for LVH 1.788, 95% CI 1.181-2.708, p = 0.006; adjusted OR for LV diastolic dysfunction 1.567, 95% CI 1.036-2.397, p = 0.034). When patients with normal albuminuria were further stratified, inconsistency was observed. Female patients, those who were younger than 70 years, and those with duration of hypertension < 15 years demonstrated the associations of UACR with LVH and LV diastolic dysfunction (Fig. 2, 3) . However, the associations were not observed in male patients, those who are older than 70 years, and those with duration of hypertension ≥15 years (Fig. 2, 3 ). There were statistically significant associations of UACR with LVH and LV diastolic dysfunction in patients with and without diabetes, respectively (Fig. 2, 3 ). Fig. 2 . Forest plot illustrating the ORs and CIs of different tertiles within normal albuminuria for LVH. Female patients, patients younger than 70 years, and those with duration of hypertension < 15 years showed significant association of tertile 3 within normal albuminuria with LVH. X-axis represented log 10 OR. LVH, left ventricular hypertrophy. Wang 
Discussion
In this study, it was demonstrated that the presence of albuminuria, no matter whether macroalbuminuria, microalbuminuria, or low-grade albuminuria, was associated with LVH and LV diastolic dysfunction in hypertensive patients. For patients with low-grade albuminuria, the association remained unchanged especially in younger patients and those with short duration of hypertension. Our data confirmed that low-grade albuminuria may be used to predict worse cardiovascular outcomes.
Microalbuminuria is a highly relevant predictor for coronary heart disease, all-cause mortality, and cardiovascular disease in hypertensive patients. Accordingly, microalbuminuria screening has been recommended in hypertensive patients [3, 17] . However, in this study, only a small proportion of patients were identified to have microalbuminuria or macroalbuminuria. Microalbuminuria was present in 77 (8.9%) patients, and macroalbuminuria was present in 28 (3.2%) patients, a larger proportion of patients had UACR below 30 mg/g, and these results Fig. 3 . Forest plot illustrating the ORs and CIs of different tertiles within normal albuminuria for LV diastolic dysfunction. Female patients, patients younger than 70 years, and those with duration of hypertension < 15 years showed significant association of tertile 3 within normal albuminuria with LV diastolic dysfunction. X-axis represented log 10 OR. LV, left ventricular. were consistent with the findings of other previous studies [18, 19] . Therefore, it was suggested that microalbuminuria was not commonly seen in hypertensive patients, and much lower levels of UACR were more frequently seen in these patients. Moreover, a substantial part of patients with LVH or LV diastolic dysfunction had normal albuminuria but not microalbuminuria or macroalbuminuria. Based on our data, it was clear that microalbuminuria was helpful to screen only a small portion of patients with early cardiac changes.
Recently, it has been reported that low-grade albuminuria may be used to predict cardiovascular morbidity and mortality, and the level of UACR was also shown to be associated with generalized atherosclerosis, such as carotid intima-media thickness, pulse wave velocity, and ankle-brachial index [20] [21] [22] . Nagai et al. [23] found that low-grade albuminuria was significantly associated with LV diastolic dysfunction in patients with coronary artery disease. The study by Shah et al. [24] observed independent relationships of low-grade albuminuria with greater concentric remodeling and worse diastolic function in hypertensive patients with LV diastolic dysfunction. Our data displayed that the parameters of LV hypertrophy and LV diastolic dysfunction (LVMI, average E/e, LA maximal volume index) tended to be increased with ascending UACR tertile in patients within normal albuminuria. The associations of low-grade albuminuria with LVH and LV diastolic dysfunction were also shown in logistic regression analysis. Moreover, it was maintained after adjustment for confounding variables, and this level of UACR (male 12.87 mg/g, female 15 .02 mg/g) was well below the conventional threshold for microalbuminuria. The associations of low-grade with early cardiac change have been reported in specific hypertensive patients, such as those with evident coronary artery disease or LV diastolic dysfunction [23, 24] . Our data supported that the relationship also existed in general hypertensive participants, and it was not restricted to those with specific clinical conditions.
Further stratification analyses displayed some interactions in the stratified patients. The associations of UACR with LVH and LV diastolic dysfunction remained unchanged in the females. However, no significant association was found in the males, and similar results were reported in other studies. Huang et al. [25] demonstrated a significant association of UACR with carotid artery intima-media thickness in females, but not in males. Yan et al. [26] revealed associations of UACR with LVH and LV diastolic dysfunction only in females, but not in the males with diabetes and without diabetes. To date, it is unclear as to why the associations were inconsistent between the genders. In addition, the significant associations of UACR with early cardiac changes persisted only in patients with age < 70 years and those with duration of hypertension < 15 years. However, it became weak in patients with age ≥70 years old and those with duration of hypertension ≥15 years. The mechanism underlying this interaction was not fully clear. Generally, albuminuria is an indicator of early renal damage [27] , and our data suggested that early cardiac and renal damages were parallel in younger patients and those with short duration of hypertension. Adverse hemodynamics may play an important role in this parallel relationship [28] . However, in old patients and those with longer duration of hypertension, there may be more additional confounding factors that lead to the unparallel development of cardiac and renal damages [29] . Thus, the associations of UACR with LVH and LV diastolic dysfunction were weakened. Finally, it was noteworthy that diabetes, as a common cause of renal damage [30] , was observed to have no effect on the association of lowgrade albuminuria with LVH and LV in hypertensive patients.
A major strength of this study was that it included general hypertensive participants with few restrictions. The included subjects had a wide range of ages and hypertension severity, and hypertensive patients with and without diabetes were analyzed. However, several limitations should be acknowledged. First, our study was cross-sectional, and no causal relationship can be derived. Second, the sample size in this study was relatively small, and this may explain the lack of difference in grade II-III diastolic dysfunction among patients with different levels of UACR. Moreover, no statistical significance in stratification analyses was also likely to be due to the small sample size. Therefore, a perspective study with larger sample size is required to verify these results. In addition, these results may vary due to the excretion of urinary albumin. This might be because UACR was determined in spot urine specimen, but not in 24 h urine collection. However, a good correlation between the 2 methods had been reported in other researches [31, 32] , and similar results were verified in our study with quality control. Finally, another limitation of this study was that the analysis was performed with a single urine sample. Given the day-to-day variability in urine albumin excretion, 2 positive samples of 3 urine samples within a period of 3-6 months would have been preferable for the diagnosis of albuminuria [33] .
Conclusion
We confirmed that the upper UACR within normal albuminuria was associated with LVH and LV diastolic dysfunction in hypertensive patients. Our data added information to the growing body of evidence that challenge the current normal range of UACR. In addition, UACR may be a useful biomarker for identifying individuals with early cardiac changes, especially in younger patients with short duration of hypertension.
